operational sex ratio as a shortcut to identify the direction of sexual competition and mate choice might be too much of a simplification [16] . Using only the operational sex ratio implicitly assumes that the number of competitors is the sole factor determining an individual's best course of action [17, 18] . Potential-reproductive-rate arguments based on past investment have long been known to promote flawed conclusions, including the infamous 'Concorde fallacy' [19] . Patterns of investment should be switched if a higher rate of return can be gained elsewhere. To persist stubbornly with the same strategy because of prior investment is as economically irrational as continued development of a plane, such as the Concorde, that will never fly profitably. Evolutionary processes are based on true offspring production and are not expected to follow irrational principles. Female topi are, unlike males, inextricably committed to a prolonged period of parental care, but the resultant potential-reproductiverate difference does not constrain them to follow false predictions of competition and choosiness.
A better approach is to consider the precise nature of the array of future opportunities that each sex faces. Although these can be altered by past commitments, the logical steps involved still have to be made explicit. The lack of male commitment to parental care is the very reason why the immediate future brings, with the arrival of a new female, virtually free reproductive opportunities for male topi. The consequent need to use sperm prudently deters males from mating indiscriminately, and the direction of sexual conflict is, therefore, reversed. Similarly, female topi antelopes only have one day to mate. If they cannot delay the opportunity until tomorrow, and benefit from mating with a specific male, it is worthwhile to compete today. The ability to sense dry or moist air -hygrosensation -is conserved widely, but the underlying mechanisms are obscure. A recent study has shown that TRP channels are required for hygrosensation in Drosophila, further expanding the repertoire of sensory modalities mediated by TRP channels.
Craig Montell
As we all know, humidity can have quite an impact on our comfort. When it is low for an extended period, our eyes, skin and nasal passages may become excessively dry. High humidity can also be unpleasant, particularly in combination with hot or cold temperatures. Some people suffering from rheumatoid arthritis are especially sensitive to high humidity, as many arthritis sufferers report increased pain when the humidity rises [1] . Preferences for one level of humidity over another occur throughout the animal kingdom, and have been documented in worms, flies and a variety of mammals [2] [3] [4] . Despite the universality of humidity sensation -hygrosensation -very little is known concerning the mechanism. In particular, what are the molecules involved in sensing changes in humidity, the putative hygroreceptors? Welsh and colleagues [5] have now reported evidence that Transient Receptor Potential (TRP) channels are required in the fruitfly, Drosophila melanogaster, for the detection of both dry and moist air [5] . The demonstration that TRP channels are required for hygrosensation adds a new and fascinating wrinkle to the established theme that TRP channels are global detectors of sensory input, ranging from hot and cold temperatures to light, tastants, pheromones, touch, and environmental chemicals [6] .
The idea of using fly genetics to uncover genes required for hygrosensation was conceived more than 10 years ago by Sayeed and Benzer [7] . In many insects, the ability to sense humidity is important for survival. Some lay eggs only on wet surfaces [8] , so that an inability to detect moist areas would prevent them from procreating. A failure to discriminate between moist and dry environments could also lead to desiccation and death. In wild-type flies, the preference for drier or wetter environments depends on the specific alternatives and their pre-conditioning [2] . If allowed to choose between extremely wet or dry conditions (100% or 0% humidity), the flies select the drier side. But when given a choice between two more moderate levels of humidity, such as 77% or 67%, the flies prefer the more humid conditions. If the flies are first restricted to a very dry environment for a few hours, they always select the more humid conditions, regardless of the choice [2] .
For their genetic studies, Sayeed and Benzer [7] used a modification of a two-way choice chamber that the laboratory had used to perform many pioneering experiments on other sensory modalities and learning and memory ( Figure 1A ). Wild-type Drosophila very strongly prefers 3% over 99% humidity. Sayeed and Benzer [7] identified a mutant fruitfly, referred to as bizarre, that lacks the wild-type bias for a 'dry' environment [7] . Although the nature of the gene disrupted in the bizarre flies remains to be identified, this early work established the paradigm and feasibility of screening for hygrosensory mutants in Drosophila.
The ability of many insects to detect humidity seems to be mediated by two types of receptor cell: one responds to an increase in humidity, while the other reacts to a decrease in moisture [9] . These hygrosensory cells are housed primarily in bristle-like organs, referred to as sensilla, situated on the antenna. The nature of the molecules that endow the flies with the ability to discriminate between moist and dry air has been enigmatic, but given that mechanical stimulation has been implicated in hygrosensation in some insects [9] , it was plausible to propose that some of the proteins critical for detection of humidity would be mechanosensors.
To identify genes that might function in the discrimination between 100% and 0% humidity, Liu et al. [5] tested subsets of three types of channels, two of which, TRP channels and DEG/ENaC channels, include members that are known to be directly or indirectly activated by mechanical stimuli. They also examined whether water channels, referred to as aquaporins, function in moisture detection. Using the Benzer two-way choice chamber, Liu et al. [5] screened a combination of loss-of-function mutants and chromosomal deficiency lines, which contained deletions removing one copy of a given channel, along with neighboring genes. After initially testing seven out of the thirteen TRP genes, they found that the preference for the dry side of the choice chamber was greatly reduced upon removal of one copy of a TRPV channel gene, nanchung (nan) [10] , or a previously uncharacterized TRPA channel, encoded by the water witch (wtrw)
In Drosophila, as in many other insects, the antennae are known to be important for hygrosensation; however, the portion of the antenna that is critical for this was not known. Liu et al. [5] showed that the third antennal segment functions in hygrosensation ( Figure 1B) , and that both the Nan and WTRW proteins are made in this distal portion of the antenna. By inhibiting synaptic transmission in nan and wtrw expressing cells, the authors demonstrated that these neurons are essential for hygrosensation.
An intriguing finding, particularly as distinct cells have been implicated in the detection of low and high humidity, is that Nan and WTRW are made in different sensilla. Liu et al. [5] examined the electrophysiological responses produced by dry or moist air, and found that dry-air-induced action potentials were virtually eliminated in the nan mutant, but the response to moist air was similar to wild type ( Figures 1C, D) . Conversely, a reduction in wtrw expression caused a decrease in spike frequencies in response to moist air, while the dry-air-induced action potentials were produced at a normal frequency. Nan and WTRW thus have opposing roles in hygrosensation, and appear to be the channels functioning in dry and moist air detection. A requirement for distinct channels and cells responding to low and high humidity raises the intriguing question as to the necessity for such a binary detection system. As proposed by Liu et al. [5] , a dual system may provide for greater sensitivity to relatively small increases or decreases in humidity.
It is also an open question as to how hygrosensation may be altered by environmental temperature at the molecular level. In this regard, it may be notable that in some insects a single sensillum houses neurons that respond to dry, moist and thermal stimuli. This juxtaposition of cell types could potentially facilitate alterations in the sensitivities to moisture or thermal input at the level of the primary sensory neurons.
A recurring theme in the TRP field is that many channels, especially ones that are highly related, form heteromultimeric channels [6] . In the case of Nan, it has been suggested to function in concert with the other Drosophila TRPV channel, Inactive (Iav) [11] . In further support of this proposal, Liu et al. [5] found that the iav mutant displays a defect in the dry air response, very similar to that of nan flies. These data raise the question as to whether there might be another TRP channel that functions in combination with WTRW in the detection of moist air. Because WTRW is a TRPA channel, the most likely candidate partner is one of the other three TRPAs encoded in the fly genome: TRPA1 [12, 13] , Painless [14] and Pyrexia [15] . Liu et al. [5] did not, however, see any defect in the pyrexia mutant or in a deficiency line that removed one copy of painless. Nevertheless, it remains to be determined whether a strong mutation in painless or a reduction in trpA1 expression causes deficits in moisture detection. An additional question is whether a null mutation in wtrw would eliminate rather than just reduce the response to moist air.
A key issue is the mechanism through which changes in moisture affect the activities of the hygrosensory channels. A possibility favored by Liu et al. [5] is that they are activated by mechanosensory stimuli. Consistent with this hypothesis are the observations that hygrosensory cells appear to be activated by mechanical stimulation in some insects [9] , and that Nan and WTRW producing antennal neurons send their axonal processes into a region of the brain thought to comprise the antennal mechanosensory and motor center [5] . If the hygrosensory channels are gated by mechanical stimuli, it remains to be determined if the regulation is direct or indirect; however, an indirect mode seems most likely. One possibility is that low or high moisture will change the osmolarity of the lymph fluid in the hygrosensory sensilla, thereby causing cell swelling or contraction, which in turn affects channel activity. It is noteworthy that at least one mammalian TRPV, which is related to Nan and Iav, has been reported to be gated by hypotonicity [16] .
Finally, given the conservation of functions of TRP channels in so many sensory modalities, the current work by Liu et al. [5] raises the possibility that mammalian TRP channels may also function in hygrosensation. The growing list of mammalian TRPs that appear to be activated through mechanical stimulation [17] , such as TRPV4, are particularly notable candidates.
15. Lee, Y., Lee, J., Bang, S., Hyun, S., Kang, J., Hong, S.T., Bae, E., Kaang, B.K., and Kim, J. Experiments performed in various ecosystems have shown a near-universal, saturating relationship between biodiversity and ecosystem processes. Analyses of deep-sea ecosystems challenge this generalisation and suggest that positive species interactions might be more widespread than previously believed.
Michel Loreau
Humans are altering the composition and diversity of biological communities through a variety of activities that increase the rates of species extinction and species invasion at all scales, from local to global. These changes in the Earth's biodiversity cause concern for ethical and aesthetic reasons, but in addition have a strong potential to alter the functioning of ecosystems and thus the goods and services they provide to humanity. 'Ecosystem functioning' is an umbrella term for the processes operating in an ecosystem, that is, the biogeochemical flow of energy and matter within and between ecosystems (e.g., primary production and nutrient cycling). The effects of biodiversity loss on ecosystem functioning have been the focus of an explosion of research over the past decade [1] [2] [3] [4] . Most of the research relating biodiversity and ecosystem functioning has been performed using controlled field experiments that assemble model communities of varying diversity to measure the effects of changes in diversity on ecosystem processes. Recent meta-analyses of these studies show that species diversity generally has a positive but saturating effect on ecosystem processes that is remarkably consistent across trophic levels and ecosystem types [5] [6] [7] (Figure 1) . A new study published in a recent issue of Current Biology, however, challenges the generality of this finding. In this study, Danovaro et al. [8] use comparative data on a large number of deep-sea ecosystems across the globe to show that the relationship between species diversity and a number of ecosystem properties is exponential on the ocean floor. Since deep-sea ecosystems are the most extensive ecosystem type on the Earth's surface and are presumed to host a large fraction of the Earth's biodiversity -most of it yet undiscovered -non-saturating relationships between species diversity and ecosystem functioning might be more common than previously believed. This raises serious concerns that even modest reductions in deep-sea biodiversity might have significant impacts on the Earth's biogeochemical processes.
Are the Results of Comparative Studies Robust?
One key difference between the new study [8] and many previous studies is that it uses a comparative approach while saturating relationships between biodiversity and ecosystem functioning have been established using controlled experiments. A common problem with comparative studies is that correlation does not imply causation. Theory predicts that when environmental factors vary across sites, these co-varying environmental factors generally overwhelm the specific effect of diversity and thus drive the relationship between diversity and ecosystem functioning [9] . This explains why comparative studies often yield different results than experimental studies: the former reveal the influence of environmental constraints, while the latter reveal the specific influence of diversity under controlled environmental conditions [1] . Could this difference in methodological approaches be responsible for the difference in the observed patterns?
Although this hypothesis cannot be rejected with certainty in the absence of controlled experimental tests, Danovaro et al. [8] provide convincing circumstantial evidence that covarying environmental factors are unlikely to fully explain the observed exponential relationships between biodiversity and ecosystem properties in the deep sea. Three of the main environmental factors that vary across deep-sea ecosystems are temperature, water depth and carbon inflow from the photic zone. Yet, the observed patterns still hold after controlling for these factors in the statistical analyses.
Despite their intrinsic limitations, comparative studies have great value in revealing patterns that would otherwise remain out of the reach of experimental studies when these patterns involve large spatial scales, long time scales or not very accessible ecosystems, such as in the deep sea. Controlling statistically for as many environmental factors as possible is then a useful approach to help formulate reasonable hypotheses about underlying causation and mechanisms. This approach has been followed in several other recent studies [10, 11] .
What Do Biodiversity-Ecosystem Functioning Relationships Tell Us about Underlying Mechanisms? If the exponential relationships between biodiversity and ecosystem properties observed on the ocean floor are not caused solely by covarying environmental factors, what, then, explains them? Although a large number of specific biological mechanisms are likely to be involved in biodiversity effects on ecosystem functioning, these mechanisms are
